Purification and characterization of farnesyl diphosphate/geranylgeranyl diphosphate synthase. A thermostable bifunctional enzyme from Methanobacterium thermoautotrophicum.
Farnesyl diphosphate (FPP)/geranylgeranyl diphosphate (GGPP) synthase, a bifunctional enzyme that synthesizes C15 and C20 isoprenoid diphosphates from isopentenyl diphosphate and dimethylallyl diphosphate, was purified to homogeneity from the archaebacterium Methanobacterium thermoautotrophicum. The only activities detected from synthesis of FPP and GGPP copurified through (NH4)2SO4 precipitation and four chromatographic steps. The pure enzyme was a 79-kDa homodimer that catalyzed the sequential addition of isopentenyl diphosphate to dimethylallyl diphosphate, geranyl diphosphate, and FPP by a non-processive mechanism which allowed substantial amounts of FPP to accumulate during turnover, creating a pool for further elongation to GGPP or for synthesis of squalene. The bifunctional enzyme required Mg2+ or Mn2+ and was optimally active at 65 degrees C. Catalysis of chain elongation in M. thermoautotrophicum differs from related reactions in eubacteria and eukaryotes, where distinct FPP synthases and GGPP synthases are found.